Introduction
Migraine is classified within a group of highly prevalent brain disorders with a calculated cost of €662 per migraineur and representing the highest proportion of indirect health care costs, accounting for 87% of overall costs in comparison with other conditions. 1, 2 In Europe, one-third of the population presents at least one brain disorder, including migraine, resulting in an overall cost of 798 billion euro per year (2010). 2 Migraine-associated disability often results in reduced social activities and work capacity, for example, in the UK some 25 million working/school-days are lost every year because of migraine alone. 3 Still, headaches might often be overlooked, by both the lay public and some health care professionals, as a minor complaint and its impacts on physical, emotional, social health, as well as economic development, may not always be fully acknowledged. Further, brain disorders in general are identified as a major health economic challenge in Europe, calling for wider attention on behalf of the health authorities and national governments, as well as more funding for brain research. 2 A previous meta-analysis proved that acupuncture could become a viable prophylactic treatment option for frequent or uncontrolled migraine, or for migraineurs 
3054
Pokladnikova et al experiencing drug side effects. 4, 5 Acupuncture is seemingly superior to pharmacologic treatments in terms of the occurrence of fewer side effects and potential long-term effectiveness after its discontinuation. [6] [7] [8] There is also some evidence suggesting that the introduction of acupuncture to an existing pharmacologic treatment can result in a reduced economic impact due to decreased use of medications, number of sickness absence, and medical review appointments. 9 Despite the evidence for the potential cost-effectiveness of acupuncture in chronic pain management, such as headache, osteoarthritis, and lower back pain, additional data on the longterm cost-effectiveness of acupuncture are needed. [8] [9] [10] [11] Our comparative study is the first economic analysis comparing acupuncture with a standard pharmacologic treatment in the Czech Republic. The aim of the study was to evaluate the effectiveness and cost of acupuncture treatment in patients with migraine after a 3-month course of acupuncture and 6-month follow-up from three perspectives: a third-party payer, the patient, and society.
Methods

experimental design
The current study is based on an open-label randomized clinical trial (October 2015 to April 2017), taking place at the Czech-Chinese Centre for Traditional Chinese Medicine in the University Hospital Hradec Kralove. The patients were randomly assigned to either acupuncture (AG) or a waiting list control group (CG). During a 12-week therapeutic period, acupuncture treatment was administered 14 times using the semi-standardized therapeutic acupuncture protocol. Patients in both groups were administered with the standard pharmacologic treatment (prophylactic medication and analgesics as needed) following the appropriate guidelines. 12 The design of the trial including flow diagram and intervention has been described in detail elsewhere. 13 
Patients
Patients aged between 18 and 70 years, attending the Neurology Outpatient Clinic at the University Hospital Hradec Kralove, and with a clinical history of migraine of at least 12 months and a minimum of 4 days of migraine in 4 weeks, were enrolled in the study. All patients were diagnosed with migraine by board-certified neurologists according to the criteria set by the International Classification of Headache Disorders.
14 A written informed consent was obtained from all patients. The study was approved by the Ethical Committee of the University Hospital Hradec Kralove, registered under the code DRKS00009803.
Outcomes
The primary outcome was to compare the cost of acupuncture in patients with migraine after a 3-month course of treatment (T12) and a 6-month follow-up (T36) from three perspectives: a paying third party, the patient, and society in general.
effectiveness
The effectiveness of the treatment was evaluated according to a previous study 13 , and the first parameter evaluated the number of migraine days in the last 4 weeks before randomization (baseline period) (T0), and at 12 (T12) and 36 (T36) weeks after randomization. A second parameter evaluated the reduction in relief medication use, migraine intensity and duration, and the number of patients with reduced migraine frequency ($50%) over a 4-week period. Specific quality of life using the Migraine Disability Assessment (MIDAS) was also recorded. 15 
costs
The present study employs the methodology established by Drummond, 16 dividing the costs into direct and indirect categories. The former includes variable and fixed costs, whereas the latter includes the costs incurred by the patients and their families. In this regard, the psychological costs are also of a similar nature and therefore not negligible; however, these are not the subject of this paper as neither are the costs associated with hospitalization. Loss of productivity was calculated on the basis of "Human Capital Approach". 17 Direct and indirect costs were not discounted as the intervention period was less than 1 year. Prices of individual items are shown in Table 1 .
In the discussion section a further division of costs is used, namely from a third party payer's, a patient's, and societal perspectives. 18, 19 The individual items under examination using the categories of direct and indirect costs 16, 20 were set as 
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economic analysis of acupuncture for migraine prophylaxis follows: direct medical costs (medications, outpatient visits, acupuncture visits, emergency visits, adverse drug reactions), nonmedical direct costs (travel costs), and indirect costs (loss of income, productivity lost) ( Table 2 ). Within the framework of the second parameter for costs examination, the individual groups are a third-party payer (outpatient visits, medication reimbursement, acupuncture visits, emergency visits, and adverse drug reactions), the patient's perspective (medication -drugs' surcharge, over-the-counter (OTC) drugs, travel costs, loss of income, acupuncture visits), and the societal perspective (productivity lost).
The health care costs were calculated by multiplying the number of units for intervention by the unit's price. The costs of drugs were calculated on a consumption basis expressed as defined daily doses (DDDs) and the price per DDD. 21 Travel expenses by the patients were calculated as the product of the number of visits to the physician and the price of each visit. Loss of income was recorded as a result of deterioration of symptoms and days off owing to an appointment with the physician.
resource use
The information concerning demographics data of the patient's clinical condition, comorbidities, medications, physician's time, and costs of health care services (visits to physicians, visits to emergency department [ED], hospitalization) were obtained from electronic patient record system at the Faculty Hospital in Hradec Králové.
The number of units for intervention and their unit cost were based on current legislation of the Czech Republic for 2015/2016. 22 Drug reimbursements were determined according to the Numerical Index 2015/2016. 23 However, there is no available source of information concerning the selling price of drugs in the Czech Republic; therefore, the selling price of drugs and OTC drugs were expressed as a mean obtained from a sample of selected hospital and community pharmacies in a given locality (2015/2016). The following data were collected from patients in the form of questionnaires: use of OTC drugs, visits to ED, hospitalization, sick leave, days off from work or school, and time spent at the physician's office, including transit. Travel expenses were calculated based on the distance between the physician's office and the patient's place of residence and the price of fuel per kilometer. 24 Productivity lost was expressed by the number of days off per employee, evaluating each day by the proportional mean gross pay for the year 2015/2016 in the Czech Republic and the number of working days in a year according to data available by the Czech Statistical Office in the Czech Republic. 25 The costs were expressed in euros using purchasing power parity for the 2015/2016 year.
statistical analysis
The statistical analyses of individual costs were performed using the R Project for Statistical Computing v3.3.3, and MS Excel 2016 was used for data manipulation. A P-value #0.05 was considered significant in all cases and the number of iterations was of 1,000 in the bootstrap method. At first, normality was tested in 42 patients with acupuncture and in 44 patients in the CG for individual item costs. Normality was tested using the Shapiro-Wilk normality test (namely, the function "shapiro.test" was used). Normality was rejected in all cases (P,0.05), and, consequently, to take account of the skewed distributions of the costs, the bootstrap method (namely, the package "boot" version 2017.2 and the function "boot" were used) was used with 95% CIs of the means. 27 The null hypothesis, meaning equal in the AG and the CG, was tested against the alternative hypothesis stating that the costs are lower in the AG using the bootstrap method. Consequently, the resulting P-values were one tailed, and the package "boot" version 2017.2 was used in the calculations.
The cost of an acupuncture session was varied from €11 to €35 for each patient, and all other costs were consistent in the analysis.
Results
sample characteristics
A total of 91 patients were enrolled in the study, and the flow diagram was reported elsewhere. 13 There were no significant 
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Pokladnikova et al differences between groups when concerning the baseline characteristics (Table 3) . A significant reduction in the number of migraine days per 4 weeks was reached at the end of the intervention (∆ -2.0; 95% CI: -4 to -1) as well as at the 6-month follow up (∆ -4.0; 95% CI: -6 to -2). A significant percentage of responders to treatment was noted in the AG vs CG at the end of the intervention (50% vs 27%; P,0.05) as well as at the 6-month follow-up (81% vs 36%; P,0.001). The AG showed a notable reduction in the intake of symptomatic medication compared with the CG at the end of acupuncture (∆ -2.7; 95% CI: -5.2 to -0.7) and the 6-month follow-up (∆ -3.0; 95% CI: -5.8 to -0.7). Disease-specific quality-oflife score was improved in both groups at both time points, yet a reduction in the MIDAS scores remained significant only in the AG at the 6-month follow-up. Nevertheless, there was a significant difference between the number of patients with mild (grades I and II; mean score 0-10) vs moderate and severe disability (grades III and VI; mean score .10) before and after the intervention, as well as in the follow-up, in favor of the AG. 13 
Use of health care services
The average number of visits to the physician's office remained similar in both groups at both time points (Table 4) ; on average, patients in the AG visited their acupuncturist 13.5 times (SD 0.7). The number of migraine-related visits to the ED was significantly lower in the AG during acupuncture treatment when compared to the CG, although no between-group differences were found (T0: 0.4 vs T12: 0.1; P=0.012) ( Table 4) . Also, patients in the AG experienced fewer drug side effects compared to the CG over the course of acupuncture treatment; yet, the reduction did not last till the 6-month follow-up (Table 4) . No serious adverse effects were reported following acupuncture treatment.
costs
The overall mean cost per patient from all the three perspectives is given in Table 5 . Neither of the evaluation periods for AG and CG showed a significant difference in the cost components; nevertheless, the absolute amounts of changes in some costs are still interesting. The direct costs were always lower in the AG vs CG; however, at 3 months, AG costs were higher than those of CG (€506.4 vs €64.4) -when the costs associated with acupuncture visits and traveling were included. When these costs were not considered, however, the direct costs were lower in the AG.
At a 6-month follow-up, the direct and indirect total costs were lower in the AG, where direct costs were lower by €20 and the indirect costs by €46.
It is worth mentioning that the costs changed over time for each group. Within the AG, there was a gradual decrease in the loss of income (T0: €6, T12: €14.0, T36: €3.7) and productivity loss (T0: €128.3, T12: €123.3, T36: €10.2). Overall, a decrease in indirect costs could be observed in AG, from €134.3 at the baseline to €13.9 at the 6-month follow-up. Direct costs within the AG were inevitably higher during the intervention period and then dropped (T0: €38.1, T12: €506.4, T36: €51.7). Within the AG direct costs show a gradual increment in all time periods (T0: €39.4, T12: €64.4, T36: €71.9); further, the absolute comparison of AG and CG at the 6-month follow-up period shows that the direct costs are higher by €20.2 in the AG.
Paying third-party perspective
From a third-party payer's perspective, there were no significant changes between both groups. However, there were lower costs for medication reimbursement in AG during the acupuncture treatment period (€25.6 per person) and at the 6-month follow-up (€29.3). Outpatient and emergency 
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economic analysis of acupuncture for migraine prophylaxis visits, as well as adverse drug reactions, were nearly constant in both groups over time.
Patient's perspective
From patient's perspective, the essential costs involve the costs for acupuncture therapy (€308.5 on average), the travel expenses related to treatment (€120.8, on average), and the loss of income, which was monitored separately for AG and not in the CG, thus increasing the direct costs in the AG substantially. Other travel costs and medication co-payment, in absolute values, also are slightly higher in the AG, both during the acupuncture treatment period and at the 6-month follow-up. Loss of income is slightly higher in the AG as well but only within the acupuncture treatment period, in the 6-month follow-up these costs are lower.
societal perspective
From society's perspective, it is clear that the AG shows a lower productivity lost, representing €92.9 during the acupuncture treatment period and €41.4 at the 6-month follow-up. In this regard, it is a positive phenomenon from a societal viewpoint, although the difference in values is not significant.
sensitivity analysis
There was no significant difference between AG and CG (Table 6 ). Changes could be observed only in the absolute cost values.
Discussion
The present study compares the costs of acupuncture treatment in addition to standard care in patients with migraine after a 3-month course and a 6-month follow-up, considering the perspectives of a third-party payer, the patient, and the society. No significant differences in both direct and indirect costs were observed between the groups after acupuncture treatment and a 6-month follow-up. Nevertheless, it can be stated that AG presented lower costs for productivity losses and total indirect costs in comparison with the standard pharmacologic therapy at all time periods. As far as total direct costs are concerned, during the acupuncture treatment period they were higher in the AG, as it was significantly influenced by the inclusion of acupuncture costs per session and the related travel costs. In addition, it was also a double entrance medical examination, both by an internal medicine doctor and an acupuncture specialist, which is a specific feature of the Faculty Hospital Hradec Kralove. The study, nevertheless, points out a potential trend in decreased direct costs in connection with reductions in medication intake, adverse drug reactions, and ER visits by patients who took acupuncture sessions. However, further study in this respect is needed. Similar trends have been described in other studies as well; a review by Ambrósio et al 10 evaluated seven costutility and one cost-effectiveness analyses of acupuncture in the treatment of chronic pain. The conditions treated included low back pain, neck pain, dysmenorrhea, migraine and headache, and osteoarthritis. Only one cost-effectiveness study indicated that there might be both clinical benefits and cost savings associated with acupuncture when concerning migraine; 28 however, another six studies indicated that the costs of acupuncture treatment are higher. Notwithstanding, a systematic review by Kim et al 9 looking at economic evaluations, including cost-effectiveness, cost-utility, and cost-benefit analyses, alongside randomized controlled trials assess the consequences and costs of acupuncture for any medical condition. The cost-effectiveness analysis proved acupuncture to be beneficial at a relatively low cost in six European and Asian studies. However, only one of these studies focused on migraine, demonstrating a positive financial effect on patients in migraine treatment. 28 The cost estimates in this study included acupuncture, physician visits, hospital stays, prescription medications, and the patients' incapacity to work. Deng et al 11 evaluated different types of economic evaluations for acupuncture treatments for migraine in China. The data were obtained from 
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Pokladnikova et al a multicenter, randomized controlled trial of acupuncture treatment in patients with migraine. Four-hundred eighty migraineurs were randomly assigned to three branches of treatments with true acupoints. Treatments using specific acupoints in Shaoyang meridians are more cost-effective than that of non-acupoints, representing a dramatic improvement in the quality of life of people with migraine and a significant reduction in costs.
The majority of the above-mentioned studies, including the present one, have concluded that although acupuncture increases health care costs the additional cost can be justified by the associated short-and long-term improvements in clinical outcomes. A study by Wonderling suggested the consideration of acupuncture as a viable intervention for migraine prophylaxis because it was shown to be a cost-effective therapy, relative to a number of interventions recommended by the National Institute for Health and Care Excellence, which are provided by the National Health Service system. 29 Such conclusion was also reached by Witt et al in the case of patients with primary headache where acupuncture was shown to be a cost-effective treatment according to international cost-effectiveness threshold values. 30 The present study was limited by the absence of a doubleblinded method and a small sample size. On the other hand, an advantage of the study is the prospective evaluation of short-and long-term costs alongside a randomized controlled clinical trial. The present study also examined more items involved in direct and indirect costs when compared to the above-mentioned studies. For instance, in comparison with the studies from the review by Ambrósio et al, 10 our study provides additional data on emergency visits, adverse drug reactions, travel costs, productivity loss, and loss of income. In addition, both direct and indirect costs were analyzed from all three viewpoints, that is, those of the patient, a third-party payer, and of society. In conclusion, a 3-month acupuncture course resulted in significant short-and long-term clinical benefits, while it suggested that acupuncture could be a financially attractive treatment option in a longer term, particularly in the case of indirect costs when compared with the absolute values of direct costs. This trend was observed also at a 6-month follow-up, although it was not significant. In the context of what has been hitherto known from the literature about the cost-effectiveness of acupuncture in migraine prophylaxis, the integration of acupuncture into health care is beneficial for society primarily when concerning lower productivity loss and loss of income, which exceed the costs of acupuncture alone. It is, therefore, reasonable to recommend acupuncture as an adjuvant treatment to the standard pharmacologic therapy in migraine prophylaxis.
